Like any other food/feed matrix, regardless of the employed analytical method, wine requires authentication strategies; a suitable qualitative and quantitative analysis represents the fingerprint which defines its identity. Until recently, fingerprinting approaches using liquid chromatography applications have been regarded as an effective tool for the assessment of wines employing polyphenol profiles. These profiles are of considerable importance for grapes and wines as they influence greatly the color, sensory, and nutritional quality of the final product. The authenticity and typicity characters are fundamental characteristics, which may be evaluated by the use of polyphenol fingerprinting techniques. Under these conditions, the evolution of polyphenols during the red wine elaboration and maturation processes shows a high importance at the level of the obtained fingerprints. Moreover, the environment factors (vintage, the area of origin, and variety) and the technological conditions significantly influence wine authenticity through the use of polyphenol profiles. Taking into account the complexity of the matter at hand, this review outlines the latest trends in the polyphenol fingerprinting of red wines in association with the transformations that occur during winemaking and storage.
Introduction
Nowadays, food quality has become particularly important from the point of view of both the consumers and the manufacturers. Global food safety authorities have generated guidelines that are meant to regulate and assure the authentication and detection of adulteration or incorrect labelling by means of reliable analytical tools [1] .
In food manufacturing, traceability is defined as the ability to track a product or product batch with respect to the production history [2] . The associated chain of events covers all of the stages from harvest, transport, storage, processing, distribution, and sales. In various cases, traceability may target a step or series of steps within the production chain [3] . Nonetheless, irrespective of the type of product, traceability is achieved by implementing control systems, which become more complex as the manufacturing steps and the amount of data increase [4] .
Traceability in the wine industry, as with any other food product, is enabled by a quality assurance (QA) management system [2] . This implies the need to ensure the availability of specific well documented and characterized documents throughout the process, from grape production to processing and further on to wine distribution [5, 6] . [20, 21] . 
Classification of Polyphenolic Compounds
In the literature, there are several criteria for classifying polyphenols, however, the most important ones are based on the chemical structure (the association of some compounds that show structural similarity but take into account the high level of complexity) and on the botanical origin (highlighting that some plants produce important amounts of polyphenols, among which the vine is also present) [19, 22] .
The biosynthesis of polyphenols has been thoroughly discussed [18, 23, 24] . Generally, polyphenolic compounds are synthesized through two main metabolic pathways, which are the shikimic acid pathway and the phenylpropanoid pathway [19] .
Briefly, shikimic acid is the result of condensation and cyclization of phosphoenolpyruvate with erythrose-4-phosphate and is further transformed into chorismic acid. The shikimate pathway, the link between carbohydrate metabolism and the biosynthesis of aromatic amino acids [17] , generates phenylalanine which is further supplied to the phenylpropanoid pathway [24] . The condensation of phenylalanine to trans cinnamic acid, via phenylalanine ammonia lyase (PAL), is then followed by various interactions with coenzyme A (CoA) to afford the core flavonoid intermediates (chalcone synthase) as well as stilbenes (stilbene synthase) [17, 24, 25] .
Non-Flavonoid Polyphenols
These include phenolic acids, which are separated into two main groups, benzoic acids (C6-C1) and cinnamic acids (C6-C3) (Figure 2 ), accompanied by stilbenes (C6-C2-C6).
Phenolic acids are present especially in skins but also in the cell vacuoles of grapes pulp. They are colorless in hydroalcoholic solutions but can develop a yellow color when oxidized. They do not influence the sensory attributes of the resulting red wines and show technological importance by being precursors for some volatile phenols produced by microorganisms [18, 25] .
Benzoic acids differ through the benzene nucleus substituted moieties and are present in grapes in the glycosidic or ester form. The most representative is gallic acid, found in concentrations averaging 95 mg/L in red wines. In turn, syringic and vanillic acids (p-hydroxybenzoic acids) are reported in fewer amounts approximating an average of 5 mg/L [25] .
Cinnamic acids are generally present in the ester form of tartaric acid and less in the glycosidic one [25] . In red grapes, their concentrations are always higher in the skins than in the pulp. In addition, the content found in red wines is around 10 mg/L, net superior to that found in white wines [20] . It has been reported that tartaric esters of cinnamic acids show a superior capacity of oxidation under the action of tyrosinase, which is naturally found in grapes, as well as laccase produced by Botrytis cinerea mould [20] . Ferulic and p-coumaric acids can be transformed into 4-vinyl guaiacol and 4-vinyl phenol by cinnamate decarboxylase produced by the viable cells of some Saccharomyces cerevisiae yeast strains [20, 22] .
various interactions with coenzyme A (CoA) to afford the core flavonoid intermediates (chalcone synthase) as well as stilbenes (stilbene synthase) [17, 24, 25] .
These include phenolic acids, which are separated into two main groups, benzoic acids (C6-C1) and cinnamic acids (C6-C3) (Figure 2 ), accompanied by stilbenes (C6-C2-C6). [18, 20] .
Benzoic acids differ through the benzene nucleus substituted moieties and are present in grapes in the glycosidic or ester form. The most representative is gallic acid, found in concentrations averaging 95 mg/L in red wines. In turn, syringic and vanillic acids (p-hydroxybenzoic acids) are reported in fewer amounts approximating an average of 5 mg/L [25] . Stilbenes are a particular class of polyphenols that contain two benzene rings linked through an ethanol or ethylene molecule (Figure 1 ). Among these compounds, the most representative is resveratrol (3,5,4'-Trihydroxystilbene). The trans isomer of resveratrol is produced in vine in response to fungal infections [17] . It is localized in the skins of red grapes and the extraction of this compound occurs mainly in the maceration-fermentation stage; in the resulting red wines, it is found in concentrations that vary widely from several µg to several mg/L [26] . They do not influence the sensorial and chromatic characteristics of red wines but are important for human health by having the capacity to progressively dissolve the excess fat around the blood vessels [20, 27, 28] .
Phytoalexins, belonging to the group of stilbenes, have recently attracted considerable interest. They are predominantly synthesized in the vine in response to localized stress, both biotic (infections), as well as abiotic, representing a veritable defense mechanism [29] . Piceid, the glycosidic form of resveratrol, as well as pterostilbenes and viniferins, is accumulated in lower amounts [26, 29] .
Flavonoid Polyphenols
Due to their high variety of structures, flavonoids are of great interest in winemaking [24] . They contain a backbone of 15 carbon atoms comprising two benzene rings (A and B) joined by a heterocycle (C) (Figure 3 ). Based on the heterocycle, flavonoids can be further separated into three subgroups: Flavonols, dihydroflavonols, anthocyanidins, and flavanols [20, 30] .
Flavonols and dihydroflavonols or flavononols are secondary metabolites present in almost all higher plants [17] . They contain a pyrone heterocycle and are the second most abundant in grapes [20] . Generally, flavonols are present in both the skins of red and white varieties as 3-O-glycosides (glucosides, galactosides, rhamnosides, rutinosides, and glucuronides), with the sugar moiety linked at position 3 [17, 31] . They can also be found in aglycone form (quercetin, kaempferol, myricetin, and isorhamnetin) in wines as a result of hydrolysis of the heterosides during the vinification process [20, 32] . Dihydroflavonols or flavononols are polyphenols that protect against UV radiation and are localized both in the skins and pulp but not in the seeds of grapes [22, 33] . Unlike flavonols, their heterocycle is characterized by the absence of a double bond [20] . Astilbin (dihydroquercetin-3-O-rhamnoside) and engeletin (dihydrokaempferol-3-O-rhamnoside) are the principal dihydroflavonols identified in the skins of white grapes [30] , along with dihydromyricetin-3-O-rhamnoside, which was confirmed in wine [34] .
Due to their high variety of structures, flavonoids are of great interest in winemaking [24] . They contain a backbone of 15 carbon atoms comprising two benzene rings (A and B) joined by a heterocycle (C) (Figure 3) . Based on the heterocycle, flavonoids can be further separated into three subgroups: Flavonols, dihydroflavonols, anthocyanidins, and flavanols [20, 30] . Flavonols and dihydroflavonols or flavononols are secondary metabolites present in almost all higher plants [17] . They contain a pyrone heterocycle and are the second most abundant in grapes Flavanols, more accurately flavan-3-ols, contain a pyran heterocycle being hydroxylated in position 3 of the flavonoid skeleton [20] . They form a large group of catechins and their polymers (condensed tannins), which can be further categorized into procyanidins and delphinidins [20, 24] . The catechin structure allows four isomeric monomers-(+/−) catechin and (+/−) epicatechin. If the gallate residue is in an isomeric trans position, we obtain four new isomers-(+/−) gallocatechin and (+/−) epigallocatechin ( Figure 4 ). In addition, an important aspect is the potential galloylation (esterification of the hydroxyl group at position 3 with gallic acid), which considerably influences the astringency and bitterness of the resulting wines [20, 30] .
Beverages 2018, 4, x FOR PEER REVIEW 5 of 19 [20] . Generally, flavonols are present in both the skins of red and white varieties as 3-O-glycosides (glucosides, galactosides, rhamnosides, rutinosides, and glucuronides), with the sugar moiety linked at position 3 [17, 31] . They can also be found in aglycone form (quercetin, kaempferol, myricetin, and isorhamnetin) in wines as a result of hydrolysis of the heterosides during the vinification process [20, 32] . Dihydroflavonols or flavononols are polyphenols that protect against UV radiation and are localized both in the skins and pulp but not in the seeds of grapes [22, 33] . Unlike flavonols, their heterocycle is characterized by the absence of a double bond [20] . Astilbin (dihydroquercetin-3-Orhamnoside) and engeletin (dihydrokaempferol-3-O-rhamnoside) are the principal dihydroflavonols identified in the skins of white grapes [30] , along with dihydromyricetin-3-O-rhamnoside, which was confirmed in wine [34] . Flavanols, more accurately flavan-3-ols, contain a pyran heterocycle being hydroxylated in position 3 of the flavonoid skeleton [20] . They form a large group of catechins and their polymers (condensed tannins), which can be further categorized into procyanidins and delphinidins [20, 24] . The catechin structure allows four isomeric monomers-(+/−) catechin and (+/−) epicatechin. If the gallate residue is in an isomeric trans position, we obtain four new isomers-(+/−) gallocatechin and (+/−) epigallocatechin ( Figure 4 ). In addition, an important aspect is the potential galloylation (esterification of the hydroxyl group at position 3 with gallic acid), which considerably influences the astringency and bitterness of the resulting wines [20, 30] . Flavanols may form oligomers and polymers, which are called condensed tannins or proanthocyanidins [24] . The term derives from their capacity to undertake hydrolysis under acidic conditions, which will cause the release of anthocyanidin pigments [20] . Furthermore, the intermediate unstable carbo-cations tend to combine with proteins or polysaccharides to produce stable complexes [35] . By coupling with the saliva proteins, tannins highlight specific astringency and bitterness sensations in red wines; at the same time, they participate in stabilizing the color as a result Flavanols may form oligomers and polymers, which are called condensed tannins or proanthocyanidins [24] . The term derives from their capacity to undertake hydrolysis under acidic conditions, which will cause the release of anthocyanidin pigments [20] . Furthermore, the intermediate unstable carbo-cations tend to combine with proteins or polysaccharides to produce stable complexes [35] . By coupling with the saliva proteins, tannins highlight specific astringency and bitterness sensations in red wines; at the same time, they participate in stabilizing the color as a result of coupling with anthocyanins through ethanol bridges [36] . Vivas patented a reactive proanthocyanidolic tannin [27] linked to an acetaldehyde molecule, which has the capacity to ensure color stabilization by linking to anthocyanins since the pre-fermentative stage and accelerate the polymerization reaction [19, 37] .
While condensed tannins are considered to be grape-derived, the tannins released by the wood during aging in barrels are called hydrolysable tannins or ellagitannins (ellagic acid is produced through their hydrolysis) [35] .
Flavanol dimers, based on the bond between the flavanol subunits, are classified into as type-B procyanidins, which are dimers of two flavanol subunits linked either by a C4-C8 or a C4-C6 interflavan bond or type-A procyanidins, which have an ether bond between carbons C2-C5 or C2-C7 besides the interflavan bond [20, 30] .
Similarly, flavanols can form two classes of trimers-type-C procyanidins, linked by interflavan bonds; type-D procyanidins, linked by an interflavan bond and another flavano-ether bond (as in type-A procyanidins) [20, 30] .
In the case procyanidin trimers, up to 10 flavanol subunits are necessary (molecular mass of 600-3000 kDa), while the number of the flavanol subunits must be greater than 10 for condensed procyanidins (polymers), hence the denomination tannins or more correctly condensed tannins (molecular mass > 3000 kDa) [20, 30] .
Anthocyans, Anthocyanidins, and Anthocyanins are flavonoids that possess a pyrrole heterocycle and generate the characteristic reddish, bluish, and purple tints, as the main pigments in flowers and fruits [38, 39] . Even though the general terminology is all-inclusive (comprising all three designations), anthocyanins represent the glycoside form and are made up of a sugar moiety linked to anthocyanidins (the aglycone form) through a glycosidic bond [22] . They are more stable in their glycosidic form than in the aglycone form. In red wines from the Vitis vinifera species, only monoglycosidic anthocyanins (C3 position) have been identified, with malvidin as the most abundant [22, 40] .
There is a link between the grape variety and the chromatic attributes of the wine; this is somewhat given by the present anthocyanidins and resulting compounds (through the reaction with glucose and its acylated forms), which vary widely depending on the grape variety [30, 41] . This high chromatic variability among red varieties is responsible for the qualitative and quantitative differences in their composition, thus rendering them fit as traceability markers [20, 41, 42] .
Polyphenol Fingerprinting and Analysis in Red Wines

Authenticity and Typicity Features
The authenticity and typicity aspects are quite important for all types of wine. While authenticity refers to the grape variety and the viticultural area of the resulting wine, typicity implies the analytical and sensorial characteristics; these are determined by the agro-biological particularities of the variety, by the agronomic and pedo-climatic conditions of the area of origin, as well as by the winemaking technology [43, 44] . It is not always the case that authentic wines do necessarily possess typicity attributes. Depending on the vintage and the production method, two authentic wines may express a more or less pronounced typicity [43, 45] .
Grape must and wine polyphenols are correlated with various oenological and sensorial characteristics [46] . Up until now, the methods used for integrating polyphenol data into determining wine authenticity was mainly based on the total polyphenol content (TPC) [43] . It does neither reveal the chromatic aspects given by the anthocyanins, nor the amount of tannins that are very important in color stabilization [15, 47] . As it does not offer precious information with regard to the pursued aim, the information on TPC should be regarded as complementary [43] .
In the case of red wines, the authenticity and typicity characters may be achieved by the use of polyphenol fingerprinting, which is able to confirm the variety and geographical origin, besides the characteristic analyses specific to soil [44, 45] .
Polyphenols as Wine Traceability Markers
The analytical strategies, reported to date as being suitable for traceability, depend on several factors such as the nature of the compounds of interest, reliability, selectivity, accuracy, and reproducibility of the involved instrumentation [10] . In order to track a product and establish proper links to its history, the chosen analytical strategy must be accompanied by suitable analytical markers [45] . The term is generally referred to as a compound (chemical) pertaining to specific characteristics, which enable it useful (of interest for analytical purposes) for determination [10, 48] .
The requirements that an analytical marker has to possess in order to be deemed fit for food analysis are quite strict-stability during sample processing and storage; clear determination; adequate availability in the matrix; reliable identification; accessible reference substance [10, 49] .
Based on the vast diversity of polyphenol compounds in red grape varieties along with the structural transformations during wine elaboration and maturation, the employed qualitative and quantitative methods establish the resulting analytical fingerprint [10] . In this regard, to address the fingerprint and quantitative analysis, a "multivariate chromatographic fingerprint" would be necessary [50] . There are several reports showing the use of polyphenol classes as markers for analytical fingerprinting [6, 49] .
In particular, grape and wine quality, as well as varieties and cultivars are distinguished by determining the composition of phenolics [51, 52] . Nevertheless, as described by Bertacchini, phenolics belong to the secondary or in-direct traceability indicators [9] as they cannot be linked to the same determinations in soil samples [9] . On the other hand, phenolics may be regarded as a fingerprint and can be used in authentication applications such as general characterization, discrimination based on geographic origin and variety, adulteration and/or contamination [9, 45] .
Profiling Applications
In this section, a collection of examples will be discussed dealing with the use of polyphenol profiling for red wines analysis according to the previously described sources of variability. In addition, an overview of the assessment of variety, vintage and geographical origin will be given, with respect to post-harvest treatments, processing and storage.
For fingerprint and profiling analyses, chemometrics has been regarded as the most versatile as it allows a complex approach to analyzing various known and unknown samples [9, 53] . Accordingly, compositional profiles using polyphenols have been widely exploited [53, 54] .
As mentioned previously, the pattern of polyphenols in wine show pronounced variations and depend mainly on the grape cultivars, the corresponding growing conditions and the processing technology [44] .
Among polyphenols, anthocyanins profile analysis supplies indications useful for authentication and differentiation of red wines by grape variety [15, 44, 45, 55] . For instance, Geana aimed at providing an accurate classification of five Romanian red wines based on variety and vintage (six harvest years), using a linear discriminant analysis [56] . Besides the organic acids profile, NMR fingerprints and isotope analysis, they managed to assign vintage membership with a percentage of 91.64% using the anthocyanins and 92.56% using anthocyanin ratios, whereas variety discrimination resulted in 95.78% using the anthocyanins and 87.82% using anthocyanin ratios [1] . Similar results on anthocyanin composition and varietal classification were also reported in Czech wines [57] .
It has been reported that during grape processing and wine storage anthocyanins that contain acyl and coumaryl moieties are the most stable. For this reason, these categories of anthocyanins have been proposed for red wine polyphenol fingerprinting [15] . More exactly, it should take into consideration both the sum of acylated and coumaroylated anthocyanins, as well as the ratio between their concentrations [15] . In addition, the relative proportion of acylated and non-acylated anthocyanins is characteristic of each cultivar [15, 58] . Variety-based authentication using anthocyanin fingerprinting can also be correlated with the evaluation of shikimic acid content [59] , although this is specific for white wines [60] ; shikimic acid is found in low amounts in different fruit, including grapes. In red wines, its concentrations vary widely between 10-150 mg/L [43] .
Anthocyanin profiles have also been effectively used for vintage discrimination [55, 61, 62] . In this case, one limitation of their use is that their original concentration changes (degradation reactions) during wine aging, thus affecting the resulting distribution [55, 63] .
In colder areas (positioned at the limit of vine cultivation), fingerprinting of red wines is based on the value of the ratio between the total polyphenol content and the content of malic acid; in fact, there is a stable inversely proportional correlation between the content of malic acid and anthocyanin concentration [43] . Moreover, it is mandatory that fingerprinting takes into consideration the sugar/titratable acidity ratio, which offers useful information on the technological maturity of the studied crop [43] . Vilanova also reported the significant influence of pH, titratable acidity, malic acid, and sugar/titratable acidity ratio on vintage classification, expressing their involvement in grape ripening [64] . In addition, as a consequence of climatic factors [65] , flavanols, phenolic acids, and resveratrol supplied valuable information to the vintage classification [64] . In order to increase the level of objectivity associated with the polyphenol fingerprinting of red varieties, it was recently proposed the monitoring of some analytical parameters that characterize the berry skins of red grapes at technological maturity [17, 22] ; these parameters are responsible for the TPC in must and the resulting wines [66] . Under these circumstances, the focus is kept on the high concentration of anthocyanins and easily extractable tannins that are contained in grape skins, in comparison with the limited amounts of extractable tannins and lack of anthocyanins in the seeds [17, 22] . Therefore, the relationship between skin and seed tannins and anthocyanins is regarded as an adequate analytical variable for determining the optimum harvest time [22, 47] .
In an attempt to classify red wines according to geographical origin, a collection of studies has reported the involvement of the polyphenolic profile in food authentication [44, [67] [68] [69] [70] . For example, flavanols, flavonols, and trans-resveratrol patterns were used for the classification of samples according to the wine production area [60, 71, 72] . Besides flavanols and flavonols, phenolic acids (gallic acid, p-coumaric acid, ferulic acid, and caffeic acid) were also successfully exploited to certify the production authenticity of red wines according to their regional identity [44, 60, 69, [73] [74] [75] . Pisano noted that three malvidin-derived anthocyanins contributed mainly to the geographical origin discrimination of the studied samples [76] . In addition to the use of monomeric anthocyanins, Quaglieri indicated that wine samples from Rioja (Spain) and Aquitaine (France) were properly discriminated using supplementary markers such as dimers of flavan-3-ols, mean degree of polymerization (mDP), and polymerized pigments [77] . The authors also suggested a general tendency for a decrease in anthocyanin and tannin contents in older wines [77] .
Biochemical features have previously been outlined in relation to metabolic changes across grape development with regard to varietal differences [78, 79] . For example, using a series of chemical parameters related to the phenylpropanoid pathway such as the (+)-catechin/(−)epicatechin and malvidin-3-acetylglucoside/malvidin-3-coumaroylglucoside ratios, Muccillo observed a clear varietal classification of the analyzed wine samples [52] . A more comprehensive study enabled an inter-platform comparison of not-targeted metabolomics using polyphenol profiles for a protected denomination of origin (PDO) classification [80] . The authors also pointed out a strong relationship between the distribution of the polyphenol compounds and the biosynthetic pathway [80] . Further studies and reports regarding category attribution are compiled in Table 1 , employing the use of a
principal component analysis (PCA), a least significant difference (LSD) test or a linear discriminant analysis (LDA), in order to differentiate among the means of the variables (identified polyphenols). 
Factors Affecting Polyphenol Concentration and Distribution in Wine
This section briefly addresses the agro-biologic aspects that must be considered in order to appropriately ascertain red wine polyphenol fingerprinting.
Typically, the amount and distribution of polyphenols in grapes and wine, similar to the diversity in the plant kingdom [6, 10] , are influenced by genetic and environmental factors [10] . Grape variety should be considered a determinant element in polyphenol fingerprinting of the resulting wines [15] . In turn, each variety highlights its attributes according to the soil composition, to the climatic conditions (hydro-thermic regimen) in the active vegetation period, as well as to the geographic positioning (latitude at which the vineyard is situated), and to the associated orographic factors (landscape-terrain, altitude, and exposition and incline of the terrain) [91, 92] .
Genetic factors. Clone selection may be perceived as an important biological instrument in improving grape quality, especially for polyphenol composition [93] . The genetic character of the variety is expressed mainly through the quantitative differences among polyphenol contents, even though the qualitative contrasts are highly important [16] . In this context, Gómez-Plaza identified remarkable seedlings from a collection of 143 intraspecific hybrids (Monastrell × Cabernet Sauvignon), by analyzing their anthocyanin profiles [94] . Similarly, based on the proanthocyanins in the skins and seeds of Monastrell and Syrah crosses, Hernández-Jiménez reported both qualitative and quantitative similarities between the clones and the origin varieties [95] .
Ruiz-García and Gómez-Plaza pointed out the potential use of clone selection as a discriminant factor, by observing a significant differentiation of the clones' polyphenolic compositions [96] . In line with this, the anthocyanins, flavonols and hidroxycinnamic acids were successfully used for differentiating Vitis vinifera L. cv. 'Barbera' clones [21] .
Pedo-climatic implications. The soil seems to be the least involved factor in the polyphenol fingerprinting of red wines. It tends to be expressed indirectly through its water and heat retaining capacities but also through its nutritional characteristics [97] . For example, the color and the textural composition of the soil affect heat absorption, having unfavorable implications on grape ripening and on plant protection against freezing [97] . Some authors reported the influence of soil on grape production per hectare, on sugar content, anthocyanins, tannins, and amino acids but also on carotenoids synthesis and their conversion to norisoprenoids [92, 97, 98] . Even though these findings are important, they do not highlight any link between the soil and polyphenol fingerprinting of the red wine obtained on the said soil.
reported [100] . Nevertheless, Tarara observed a link between high temperatures and a decrease in delphinidin, cyanidin, petunidin and peonidin concentrations in Merlot grapes exposed to sunlight but not in the case of malvindin derivatives, which were not affected [102] .
Similarly, Nicholas observed a significant positive correlation between the content in anthocyanins and a thermal regime of 16-22 • C from ripening to the optimum harvest stage [103] ; the same authors also reported a significant increase in the tannin content, explained by hight nocturnal temperatures before bud break and diurnal high temperatures from bud break until flowering [103] . Other studies noted that a moderate water deficit has a positive effect on red grape quality and implicitly on the quality of the resulting wines [92] . For example, the anthocyanin and tannin concentrations in grape skins are higher when the vineyard is exposed to a moderate water deficit [98, 103, 104] .
The concentration and composition of polyphenols in the grapes vary with the harvest stage, besides the already mentioned variety specificity [40] . In this respect, the anthocyanins are accumulated in grape skins in the maturation stage, while flavanols are formed before ripening in higher amounts in seeds and skins and are lower in grape pulp [92] . Ollé reported a higher decrease rate for flavan-3-ol monomers in contrast to the polymers, thus associating the average level of polymerization with the progress of grape maturation [105] . Also, Verries observed a stationary concentration of seed and skin flavanols for up to one month before harvest [106] .
In the years with unfavorable climate, wine producers are forced to prematurely harvest the grapes [92] . Under these conditions, the polyphenolic fingerprint of the resulting wine will not correspond to the real one (established under conditions of optimum polyphenol maturity) [92] . Moreover, a premature harvest also affects the wine's sensorial quality, deeming it unfit for the consumers' requirements [20, [106] [107] [108] .
Post-harvest processing and storage implications. During the maceration-fermentation stage, the correct management of temperature, as well as the appropriate duration of the contact between the solid and the liquid fractions of the must, is indispensable for the optimum extraction of polyphenols [43, 109] . Usually, this stage begins with a temperature of 15-16 • C and increases by 1-2 • C per day up to the critical limit of 28 • C [41, 43] . The tendency of decreasing the duration of the fermentation stage, along with the use of auxiliary enzymatic products or exogenous proanthocyanidolic tannins (from the seeds and skins of white grape varieties) may have both positive and negative impacts [41, 110] . For instance, the addition of exogenous tannins results in the modification of the natural polyphenolic profile of the studied harvest, improving it. Therefore, when these practices are employed, the fingerprinting is limited to the polyphenols of the grapes harvested before applying any intervention [37, 111, 112] . On the other hand, a prolonged contact between the solid and the liquid fractions of the must allows for a better extraction of polyphenol compounds, especially catechins and proanthocyanidins [113, 114] along with a sustained color stabilization [115] .
Over time, several maceration-fermentation techniques have been developed for the production of red wines, with the main purpose of improving the polyphenol extraction [116] . Thermovinification, employed since the early 1970s [116, 117] , seeks the degradation of cell membranes of the grape berry hypoderm, thus facilitating anthocyanin extraction. In addition, the applied treatment also prevents browning by denaturing the oxidative enzymes like polyphenol oxidases [19, 22, 117, 118] . Cold pre-fermentative maceration focuses on intensifying the extraction of polyphenols in aqueous media [119] . It takes place at temperatures lower than 10 • C and may vary from four to eight days [120, 121] by favoring the selective extraction of low molecular mass anthocyanins and tannins [122] .
During aging, some of the polyphenols from the wood barrels pass into the red wines, affecting their composition. Generally, aged wines are subjected to a slowly controlled oxidation, which gives rise to volatile compounds, along with polysaccharides and polyphenols that contribute to color stabilization [41, 110] . The presence of ethanol acts against co-pigmentation, while acylated anthocyanins quickly disappear in several months after the end of fermentation [41, 110] . Also, the amount of anthocyanins in red wines drops faster in the first years of bottle aging [123] , reaching a minimum value of 0-50 mg/L [41] . Free anthocyanins may react with compounds containing diacetyl groups (CH 3 -CO-CO-CH 3 ), giving rise to castavinols that are not present in grapes but may spontaneously form in some red wines during aging in wood barrels [41, 110] . These colorless compounds are capable of regenerating the chromatic characteristics of red wines to some extent as a result of the acidic environment, which allows the conversion of procyanidins into cyanidins [41, 124, 125] .
The high degree of complexity of tannin-anthocyanin combinations has drawn the attention of numerous researchers since the late 1960s. Jurd showed that the flavylium ion (cation) could directly react with different components such as aminoacids, fluoroglucinol and catechin, producing a colorless flav-2-ene substituted at position C4 [126] . Somers suggested that this kind of reaction is involved in the process of wine aging [127] ; the author observed the disappearance of anthocyanins, while the color remained stable or it intensified [127] .
Chemical factors. Further research demonstrated that there are different mechanisms involved in the anthocyanin-tannin condensation reaction, which may result in compounds that carry various attributes, depending on the type of chemical bonds [22, 41, 86] . Thus, during the aging stage of red wines, three types of reactions have been identified and they will be briefly discussed [22, 41, 86] .
Anthocyanins can act as cations on negatively charged carbon atoms in positions six and eight of the procyanidin ring, giving birth to a colorless compound called flavene. It requires the presence of oxygen or of an oxidant medium in order to recover its color [30] . One of the characteristics of procyanidins is that they form a carbo-cation after the addition of a proton to the molecule, which in turn may react with the nucleophilic sites (C6 and C8) of neutral anthocyanin molecules [22] . The resulting complex lacks color or may change it to red-orange in case of a water molecule loss [128] . This condensation reaction occurs in the absence of oxygen, it increases with the temperature and depends on the amount of anthocyanins in the wine [129] . In reality, the color of the resulting wine is modified according to the type of carbo-cation and also to the degree of anthocyanin polymerization [77, 124, 130] .
During aging in contact with oak (chips, barrels), polyphenols (mainly catechins and proanthocyanidins) polymerize among them or with free anthocyanins. These new complex combinations stabilize and retain the reddish color of anthocyanins. Nonflavonoid tannins extracted from the wood of oak barrels do not appear to interfere in these condensation reactions but indirectly favor color stabilization by offering protection against oxidative degradation [131] [132] [133] .
Concluding Remarks
In red grape varieties, the polyphenol composition can be perceived as the key element that significantly differentiates the final products, taking into account their specific agro-biological characteristics, in conjunction with the biosynthetic pathways of phenolics. Therefore, the harvest stage, the temperature, the duration of the maceration-fermentation process, and the vinification technique are among the factors involved in the quality of the resulting product. During winemaking, the technological conditions carry a notable weight on polyphenol fingerprinting, rendering the task of authenticating red wines one of great complexity. Subsequently, during storage, some modifications occur in red wines with regard to the interaction of certain phenolic compounds, which may influence the analyzed profiles. Collectively, the information presented in this review provides an overview of the challenges that arise in using polyphenol fingerprints as a tool for wine traceability and authenticity. Taking into account the overall impact of winemaking and storage conditions, as well as the information provided by the polyphenol synthesis pathways, the applicability of the current methods, should they be carefully employed, show promising potential in expediting and improving the verification/certification process for wine traceability.
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